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Background/Aims: The recently published Oxford classification of IgA nephropathy (IgAN) proposed a split system for 
histological grading, based on prognostic pathological features. This new classification system must be validated in a 
variety of cohorts. We investigated whether these pathological features were applicable to an adult Korean population. 
Methods: In total, 69 adult Korean patients with IgAN were analyzed using the Oxford classification system at 
Soonchunhyang University Hospital, Seoul, Korea. All cases were categorized according to Lee's classification. 
Renal biopsies from all patients were scored by a pathologist who was blinded to the clinical data for pathological 
variables. Inclusion criteria were age greater than 18 years and at least 36 months of follow-up. We excluded cases with 
secondary IgAN, diabetic nephropathy combined other glomerulopathies, less than 36 months of follow-up, and those 
that progressed rapidly. 

Results: The median age of the patients was 34 years (range, 27 to 45). Mean arterial blood pressure was 97 ± 
10 mmHg at the time of biopsy. The median follow-up period was 85 months (range, 60 to 114). Kaplan-Meier analysis 
showed significant prognostic predictions for M, E, and T lesions. A Cox proportional hazard regression analysis also 
revealed prognostic predictions for E and T lesions. 

Conclusions: Using the Oxford classification in IgAN, E, and T lesions predicted renal outcome in Korean adults after 
taking clinical variables into account. 
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INTRODUCTION 

IgA nephropathy (IgAN) is the most common form 
of primary glomerular disease worldwide [1-3]. IgAN 
is defined by the presence of mesangial IgA immune 
deposits in the absence of any systemic disorder [4,5]. 
The clinical and histological features of IgAN are highly 



variable. IgAN may present with a variety of histologi- 
cal patterns, ranging from minimal lesions to diffuse 
proliferative and crescentic glomerulonephritis [6-8]. 
Numerous clinicopathological studies of IgAN have cor- 
related histological changes in diagnostic biopsies with 
clinical outcomes [6,9,10]. Each of these classifications, 
developed according to expert opinions, has strengths 
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and limitations in terms of their prognostic predic- 
tions, but none is considered preeminent [n]. A working 
group of the International IgA Nephropathy Network 
and Renal Pathology Society proposed the new "Oxford 
classification" of IgAN, which includes four pathological 
variables: mesangial hypercellularity (Mo/Mi lesion), 
segmental glomerulosclerosis (So/Si lesion), endocapil- 
lary hypercellularity (Eo/Ei lesion), and tubular atro- 
phy/interstitial fibrosis (T0/T1/T2 lesion) [8,11]. This 
new classification needs to be validated in different co- 
horts. We conducted this study to assess the pathologi- 
cal variables of the new Oxford classification in an adult 
Korean population. 

METHODS 

Inclusion criteria 

Patients who were followed for more than 3 years 
(before December, 2010) at the Soonchunhyang Univer- 
sity Hospital, Seoul, Korea, were included in the study 
sample. From January 1994 to December 2007, data 
were collected from renal biopsies of native kidneys 
performed and/or processed in our unit. The diagnosis 
of IgAN was defined by the predominant mesangial de- 
position of IgA. All patients were older than 18 years at 
the time of biopsy. All cases had been reported accord- 
ing to Lee's classification [12]. 

Exclusion criteria 

Cases with secondary causes of mesangial IgA depos- 
its, such as Henoch-Schonlein purpura, and those with 
comorbid conditions, such as diabetes mellitus, were 
excluded. Patients with less than 36 months of follow- 
up were also excluded to maximize the reliability of the 
estimation of renal function decline. Rapidly progres- 
sive cases were also excluded. The definition of "rapidly 
progressive cases" included patients with a decreas- 
ing estimated glomerular filtration rate (eGFR) > 50% 
within 6 months. Two cases were excluded because their 
conditions were complicated by systemic diseases; one 
patient had pneumonia, and the other presented with 
an acute kidney injury after an operation. 

Definitions 

A eGFR was determined using the four-variable modi- 



fication of diet in renal disease formula for adults [13,14]. 
Mean arterial blood pressure (MAP) was defined as 
diastolic pressure plus one-third of the pulse pressure. 
Immunosuppressive treatment was reported as intent 
to treat, regardless of the type or duration of therapy. 
Renin-angiotensin (RAS) blockade indicated any ex- 
posure to an angiotensin-converting enzyme inhibi- 
tor and/or angiotensin receptor blocker. Two different 
clinical outcomes were studied to address the predictive 
values of pathological variables: 1) the rate of renal func- 
tion decline (slope of eGFR), and 2) survival with a 50% 
reduction in renal function, or end-stage renal disease 
(ESRD). The slope of eGFR was calculated as follows: 
difference between initial eGFR and last eGFR divided 
by the number of years, in the same way as the working 
group (unit, mL/min/1.73 m 2 /yr) [11]. 

Statistical methods 

Continuous variables are expressed as means ± stan- 
dard deviations or medians and ranges. Nominal data 
are presented as percentages. Comparisons among mul- 
tiple groups were performed using the Mann-Whitney, 
Kruskal-Wallis, or Spearman tests. Categorical vari- 
ables were compared using the Pearson % 2 test. Uni- 
variate analysis followed by multiple linear regression 
was used to determine independent predictors of eGFR 
slope. Cumulative renal survival from the time of renal 
biopsy was analyzed using Kaplan-Meier curves for cen- 
sored data with each histological variable. Univariate 
Cox regression was performed to test the association 
between each pathological variable and renal events 
on the influence of baseline clinical prognostic factors 
(protein excretion, hypertension, eGFR). The same 
models were studied through multivariate Cox regres- 
sion analysis with univariate significant pathological 
variables. All statistical analyses were performed using 
the SPSS version 14.0 (SPSS Inc., Chicago, IL, USA). On 
two-sided tests, p values < 0.05 were considered to in- 
dicate statistical significance. 

RESULTS 

Clinical and pathological features of the cohort 

Clinical features at the time of biopsy are shown in 
Table 1. At the time of renal biopsy, the median age was 
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Table 1. Clinical characteristics and pathological features at the time of biopsy in 69 patients with IgA nephropathy 
and clinical data of follow-up 



Variables 



At the time of initial biopsy At the end point of follow-up 



Age, yr 

Female 

MAP, mmHg 

BUN/creatinine, mg/dL 

eGFR, mL/min/1.73 m 2 

Proteinuria, g/day 

Stage 1, 2, 3 CKD (KDOQI), % 

Taking antihypertensive drug 

Taking RAS blockade 

Fish oil 

Immunosuppression 
Duration of follow-up, mon 

50% reduction in renal function or ESRD during follow-up 
Distribution of pathological variables 
Lee's classification 

Lee's classification grade l/l I 

Lee's classification grade lll/IV/V 
Oxford classification 

Mesangial hypercellularity, M1 lesion 

Segmental glomerulosclerosis, S1 lesion 

Endocapillary proliferation, E1 lesion 

Tubular atrophy and interstitial fibrosis, 26-50%, T1 lesion 

Tubular atrophy and interstitial fibrosis, > 50%, T2 lesion 



34 (27-45) 
29 (42) 
97 ±10 
18.4 ±4/ 0.9 ±0.3 
90.8 ±38.0 

1.2 (0.4-1.9) 
36, 40, 24 
4(6) 



85 (60-114) 



9/9 
19/26/6 

42 (60) 
55 (80) 
22 (32) 
17 (25) 
8(12) 



72.7 ±41.6 
0.8 (0.3-1.2) 

65 (94) 
62 (90) 
12(17) 
13(18.3) 

16(23) 



Values are presented as mean ± SD, number (%) or median (range). 

MAP, mean arterial blood pressure; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; 
RAS, renin-angiotensin; ESRD, end-stage renal disease. 



Table 2. Correlations between pathological and clinical features at the time of renal biopsy and the rate of renal 
function decline during follow-up 







eGFR 


Proteinuria, g/day 


MAP, mmHg 


Slope of eGFR, 
mL/min/1.73 m 2 /yr 


Mesangial hypercellularity 


M0 


99.8 ± 36.1 


0.9 ±0.7 


98 ± 12 


-2.6 ± 8.0 




M1 


85.1 ± 38.6 


2.4 ±2.6 


97 ±8 


-4.9 ±8.3 




p value 


0.034 


0.001 


0.812 


0.073 


Segmental glomerulosclerosis 


SO 


106.1 ±41.3 


0.8 ±0.9 


99 ± 12 


-1.3 ±6.26 




S1 


87.0 ± 36.8 


2.1 ±2.4 


97 ±9 


-4.7 + 8.6 




p value 


0.072 


0.022 


0.915 


0.045 


Endocapillary hypercellularity 


E0 


99.9 ± 37.6 


1.1 ±0.9 


97 + 9 


-3.3 ±9.1 




E1 


71.6 ±32.0 


3.4 ±3.2 


99 ±11 


-5.5 ±5.8 




p value 


0.001 


0.001 


0.348 


0.058 


Tubular atrophy/interstitial 


TO 


105.8 ±34.7 


1.3 + 1.6 


96 ±10 


-4.0 ±9.6 


fibrosis 


T1 


72.0 + 30.8 


3.1 ±3.1 


99 ±9 


-4.4 ± 6.0 




T2 


48.8 ±14.7 


1.9 ± 1.9 


102 ±12 


-3.3 ±3.6 




p value 


< 0.0001 


0.004 


0.231 


0.418 



Values are presented as mean ± SD. 

eGFR, estimated glomerular filtration rate; MAP, mean arterial blood pressure. 
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Table 3. Therapies received during follow-up, according to pathological classification 



Renin-angiotensin blockade Fish oil Immunosuppression 





% 


p value 


% 


p value 


% 


p value 


Mesangial hypercellularity 




0.291 








0.164 


MO 


88.5 




15.4 


0.466 


11.5 




M1 


62.9 




19.5 




24.4 




Segmental glomerulosclerosis 




0.278 




0.518 




0.180 


SO 


85.7 




14.3 




7.1 




S1 


94.3 




18.9 




22.6 




Endocapillary hypercellularity 




0.466 




0.392 




0.003 


E0 


91.1 




20.0 




8.9 




E1 


95.5 




13.6 




40.9 




Tubular atrophy/interstitial fibrosis 




0.617 




0.688 




0.030 


TO 


90.5 




19.0 




9.5 




T1 


94.1 




11.8 




35.3 




T2 


100.0 




25.00 




37.5 





1.0 



0.8 



0.6 



0.4 



0.2 



0.0 



Grade I / Grade II 

— H+ i 

Grade III 



Grade IV 



Grade V 



20 


40 


60 

mon 


80 


100 


120 


Grade I 


7 


7 


5 


2 


1 


Grade II 


8 


8 


3 


2 


0 


Grade III 


18 


13 


10 


4 


3 


Grade IV 


22 


14 


9 


7 


5 


Grade V 


4 


1 


1 


1 


1 



Figure l. Kaplan-Meier plot of renal survival according to Lee's 
classification. a p = 0.014, b p = 0.001. 



34 years (range, 27 to 45), with a male predominance. 
Mean MAP was 97 ± 10 mmHg and mean eGFR was 
90.8 ± 38.0 mL/min/1.73 m 2 . Four subjects took a hy- 
pertensive medication (one took diuretics, three took 
calcium channel blockers). Median follow-up duration 
was 85 months (range, 60 to 114). The distribution of 
histological lesions according to the Oxford classification 



was as follows: Mi, 42 (60%); Si, 55 (80%); El, 22 (32%); 
and T1/T2, 17/8 (25/12%). According to Lee's classifica- 
tion, the distribution of grades was as follows: grade 
1, 9 (13%); grade 2, 9 (13%); grade 3, 19 (27%); grade 4, 
26 (37%); and grade 5, 6 (10%). Endocapillary hyper- 
cellularity and tubular atrophy/interstitial fibrosis were 
correlated with proteinuria and decreased eGFR at the 
time of biopsy (Table 2). 

Correlations between pathological lesions and 
treatment modalities during the follow-up period 

Patients with El or T1/T2 lesions were more likely 
to have been treated with immunosuppressants. RAS 
blockade was prescribed for 92% of patients, and 17% of 
the cohort was treated with fish oil (Table 3). 

Correlations between pathological lesions and 
outcomes 

Among our cohort, 6 (9%) patients reached a 50% 
reduction in eGFR and 10 (14%) patients progressed to 
ESRD. The cumulative probabilities of ESRD or a 50% 
reduction in initial eGFR in patients with grade IV and 
V lesions versus those with grade III (p = 0.014, 0.001) 
according to Lee's classification are shown in Fig. 1. 
When grade I/II/III and grade IV/V were categorized, 
grade IV/V was associated with a significantly increased 
relative risk of ESRD or a 50% reduction in eGFR by 
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Figure 2. Kaplan Meier plot of renal survival according to pathological features of the Oxford classification. 



Cox regression (hazard ratio, 2.27; confidence interval, 
1.381 to 4.422; p = 0.037). 

By the univariate pathological variables of the Oxford 
classification, linear regression of rate of renal function 
decline correlated only with S lesions (p = 0.045). M, 
E, and T lesions showed no significant correlation with 
the rate of renal function decline (p = 0.073, 0.058, and 
0.418, respectively) (Table 2). In multiple linear regres- 
sion analyses, S and E lesions also failed to show any 
correlation with the rate of renal function decline. 

Kaplan-Meier analyses showed that Mi, El, and Ti le- 
sions were associated with either ESRD or a 50% reduc- 
tion in initial eGFR. No significant difference was found 
between T2 and Ti lesions (Fig. 2). Univariate Cox 
regression analysis using pathological variables and a 
clinical data set (eGFR, proteinuria, and MAP) showed 
that E and T lesions were predictive of renal outcome. 



Multivariate analysis with two pathological features, 
which were validated in the univariate analysis, were 
calculated to address whether biopsy findings predicted 
long-term outcome independently of the initial assess- 
ment (clinical data set: eGFR, MAP, and proteinuria). 
This analysis revealed that only E lesions had prognos- 
tic significance (Table 4). When we merged the Ti and 
T2 lesion data to maximize statistical power, T lesions 
(tubular atrophy/interstitial fibrosis, > 25%) were also 
predictive of renal outcome (Table 4). 

DISCUSSION 

A recent international effort identified a set of distinct 
pathological variables with prognostic value [11]. This 
classification has since been validated in a few indepen- 
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Table 4. Cox regression analyses of pathological features and a 50% decline in eGFR: univariate and multivariate 
pathological determinants 





Univariate 






Multivariate 11 






HR (95% CI) 


p value 




HR (95% CI) 


p value 


EO 


1 




E0 


1 




E1 


12.61 (2.47-64.35) 


0.002 


E1 


12.21 (2.23-66.71) 


0.004 


TO 


1 




TO 


1 




T1 


3.60 (0.87-14.81) 


0.75 


T1 +T2 


3.58 (1.03-12.40) 


0.044 


T2 


14.01 (1.61-121.74) 


0.017 









eGFR, estimated glomerular filtration rate; HR, hazard radio; CI, confidence interval. 
a One pathological feature + mean arterial pressure, proteinuria, and eGFR. 

'Two pathological features (E0, E1 lesion and TO, T1 + T2 lesion) + mean arterial pressure, proteinuria, and eGFR. 



dent cohorts [4,15]. In this study, we assessed the value 
of each pathological variable of the new Oxford clas- 
sification for IgAN for prediction of renal outcome in 
Korean adults. Many studies have attempted to predict 
renal outcomes using various histological grading sys- 
tems [9,10,16,17]. 

Previously used pathological systems [6] for the clas- 
sification of renal lesions in IgAN can be subdivided 
into two types: lumped and split. Lumped systems as- 
sess the overall severity of histological lesions found in 
the glomerular, tubular, interstitial, and arteriolar com- 
partments, as in the widely used classification of Lee 
and Haas [6,10]. This is simple and readily applicable to 
multicenter studies, but the weakness of a lumped sys- 
tem is the lack of flexible interpretation. Split systems, 
such as the Oxford classification, use semi-quantitative 
grading of lesion severity in each of the four compart- 
ments of the kidney and permit the elaboration of a 
global or aggregate score for each compartment [18]. No 
strategy for prognostic prediction from biopsy-based 
pathological evaluations has yet been established due to 
the lack of reproducibility and inappropriate categoriza- 
tion [8,11,19]. 

The working group of the Oxford classification may 
offer important advances by providing evidence that not 
only chronic fibrotic change, but also mesangial and en- 
docapillary hypercellularity, predict prognosis [11]. The 
working group reported that when the rate of eGFR de- 
cline was included as a dependent variable in multivari- 
ate linear regression models, S and T lesions, but not M 
lesions, were associated with renal outcomes. However, 
when a 50% decrease in eGFR or ESRD was included as 
a dependent variable in the Cox proportional hazards 



model, M and T lesions, but not S lesions, were found to 
be significant predictors of renal outcome [11]. 

In our cohort, interactions between each pathological 
lesion and treatment modalities, such as RAS block- 
ers or immunosuppressive agents, were assessed only 
in univariate models. The working group of the Oxford 
classification showed that patients with E lesions were 
exposed to significantly more immunosuppressants 
than patients without such findings [11]. Thus, they 
hypothesized that E lesions might respond to immuno- 
suppressive treatment and so offered indirectly the pos- 
sibility of prognostic value [11]. However, we found that 
E and T lesions had significant value in predicting the 
reduction of eGFR or ESRD, independent of clinical pa- 
rameters and other pathological variables, even though 
patients with E lesions received more immunosuppres- 
sive agents (Tables 3 and 4). Additionally, M lesions in 
the Kaplan-Meier analysis, and S lesions had significant 
predictive value in predicting renal function decline. 
Mesangial hypercellularity and segmental glomerulo- 
sclerosis were associated with initial proteinuria. How- 
ever we did not consider the treatment response during 
follow-up, which may explain the inconsistency. 

We enrolled cases with more than 36 months of 
follow-up to maximize statistical power. In our cohort, 
Lee's classification provided information for predicting 
renal outcome in univariate analyses. However, with 
respect to histological lesions on a continuous scale of 
risk assessment, not every stage increased the risk of 
adverse renal outcome in the Cox regression analysis. 
Regarding clinical decisions with this lumped system, 
there is a lack of relevance to pathological variables. 
This new classification system, specifically E and T 
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lesions, predicted renal outcomes in our population 
independent of clinical data in our study population 
(Table 4). Histopathological classifications should be 
developed to predict not only renal outcomes, but also 
responsiveness to treatment modalities. Whether it is 
beneficial to base clinical decisions on this classification 
system, in particular, the novel parameters of mesangial 
and endocapillary hypercellularity, should be verified in 
a prospective study with a large sample size. 

The Oxford classification was studied as a prognosis 
predictor in another university hospital in Korea. The 
findings were slightly different from those of our study. 
Kang et al. [20] reported that M lesions were associated 
with proteinuria and the number of antihypertensive 
drugs. Their results indicated that T, but not M, lesions 
were associated with survival from ESRD or of having 
a 50% reduction in eGFR. The inconsistent results of 
multivariate models for predicting renal outcome might 
be partly due to the retrospective study design, and as- 
sessment of pathological variables could be subjective, 
due to the single pathologist, in both studies. 

The value of this study is that we demonstrated that 
these pathological features have prognostic and/or 
predictive value in Korean adults. A previous report 
indicated that endocapillary proliferation had a lesser 
impact on renal outcomes in East Asians than in pa- 
tients of European descent [11]. This observation was 
not consistent with our findings. However, the sample 
population and patient age differed between the two 
studies. The international consensus working group for 
the IgAN study included Chinese and Japanese subjects, 
48 adults and 14 children; in our study, all subjects were 
Korean adults. 

A study that compared the lesions in renal biopsies 
of children and adults using the Oxford classification 
found greater mesangial hypercellularity and endocap- 
illary proliferation in children and greater glomerular 
sclerosis, chronic interstitial damage, and arteriolar 
change in adults [21]. Another study revealed that 
proliferative lesions were more likely to respond to 
treatment in children than in adults [19]. These obser- 
vational studies suggested that patient age could affect 
pathological features in predicting renal outcome and 
responsiveness to treatment. 

Many of our findings were unexpected; in particular, 
no significant difference between Ti and T2 lesions in 



terms of prediction of renal outcomes was found. How- 
ever, the Kaplan-Meier curve showed a tendency to- 
wards differences in survival between patients with Ti 
and T2 lesions (Fig. 2). These findings could be related 
to the low statistical power; only eight patients in our 
sample had T2 lesions. 

The major limitation of this study is its retrospective 
observational nature; retrospective studies are suscep- 
tible to selection bias. Thus, clinical and pathological 
data for our cohort were from the time of biopsy; we 
could not consider the treatment response factor during 
follow-up. We included a limited number of cases, and 
all data were collected from a single center. Addition- 
ally, a single pathologist analyzed all of the material ac- 
cording to the Oxford classification; thus, the reproduc- 
ibility of the system was not validated. 

In conclusion, this study indicated that the pathologi- 
cal variables of the Oxford classification system were 
useful in Korean adults with IgAN. Such information 
could be used to provide individualized treatment deci- 
sions. 
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